The contribution of abnormal cardiac function to hypotension and metabolic acidosis, which affect approximately 40% of ventilated very low birthweight infants in the first 24 hours after birth was assessed using M mode, two dimensional, and Doppler echocardiography in 75 very low birthweight infants during the first few hours after birth. Thirty four infants whose blood pressure was less than the 10th centile or who had a metabolic acidosis in the first 24 hours were compared with 41 who showed neither feature. The median shortening fraction was significantly lower in the hypotensive/acidotic (shocked) group than in the controls. In 16 of 34 (47%) shocked infants left ventricular contractility and output were significantly worse than in the control subjects. One and five minute Apgar scores were also significandy lower in the shock group when compared with controls.
Hypotension and metabolic acidosis occur in approximately 40% of ventilated very low birthweight infants, particularly in the first 24 hours after birth.' 2 There is a strong body of evidence to suggest that both these problems are associated with increased morbidity and mortality.'-6 Volume expansion is considered by many to be the appropriate first line treatment. Failure to respond is followed by treatment with cardiac inotropes, such as dopamine or dobutamine, or both. A pilot study undertaken in this neonatal intensive care unit, before the study described here, showed that dopamine was given to as many as 50% of very low birthweight infants who were hypotensive or acidotic, or both. This requirement for cardiac inotropes suggested that cardiac dysfunction might be a feature.
Echocardiography has become an important diagnostic aid in the management of the preterm infant. It has been extensively used to assess cardiac function non-invasively in the structurally normal heart, particularly in older preterm and term infants.7-15 The assessment may include evaluation of left ventricular contractility and output, but previous research has focused on very low birthweight infants in whom the ductus arteriosus has closed and has only assessed either contractility or output, not both. '3-15 The effects of the ductus arteriosus do not become apparent until the pulmonary arterial pressure has decreased below systemic levels, an event that normally takes at least 24 hours to occur in the ventilated very low birthweight infant.'6 17 Any assessment must be performed before treatment as this is likely to influence the results dramatically. 18 The purpose of this study was to assess myocardial contractility and output in the first 24 hours after birth in very low birthweight infants, firstly to define a normal range and secondly to determine if cardiac dysfunction occurred in those infants who were hypotensive or acidotic, or both. and/or (b) identified as having a metabolic acidosis (defined as an arterial pH less than 7-25 and base deficit greater than 6).
Patients and methods
Group 2 consisted of control infants who had not had either of these two problems.
Resuscitation plasma has been given to 40% of infants in the two groups before insertion of the arterial catheter. No infant was acidotic (pH <7 25), hypotensive, or receiving cardiovascular support at the time the cardiac function measurements were made. Infants were excluded if there was evidence of congenital heart disease or if an infant had received treatment for hypotension before admission to the unit.
Cardiac function was assessed in two forms. Firstly, by considering left ventricular contractility, using the shortening fraction and the pre-ejection to ejection time ratio (PEP:ET).7 10 Secondly, by considering left ventricular output, using the peak aortic velocity, cardiac output, and stroke volume. '1-15 In each instance the mean of five consecutive cardiac cycles was taken. All diameter measurements were using the trailing edge-leading edge method19 and all echocardiography was performed by one investigator (ABG). Using standardised techniques, the measurements were made as follows.
SHORTENING FRACTION
In the parasternal long axis view of the left ventricle at the junction of the mitral valve leaflets and the papillary muscles, using M mode, the shortening fraction of the left ventricle was calculated by LVDD Heart rate was calculated from the R-R interval of the electrocardiogram and stroke volume (mI/kg) as cardiac output/heart rate. Ductal patency was assessed using a short axis view of the right ventricular outflow tract.'6 1' The direction of ductal flow and haemodynamic significance was assessed using pulsed wave Doppler.
STATISTICS
The reproducibility of all the echocardiographic measurements was assessed in a group of normal preterm infants before the study. Five measurements of each parameter were made on five consecutive days. All the measurements had, beat to beat and day to day, coefficients of variation between 5 and 10%.
Results are expressed as medians and interquartile range. Statistical analysis of medians was carried out using the MannWhitney U test. The influence of birth weight and gestational age on the cardiac function measurements was assessed using Spearman's non-parametric correlation. Only cardiac output significantly correlated with birth weight (r=-0-37, p<0.05). To control for birth weight, the cardiac output values obtained were divided into blocks of 10 ml/kg and each block was assigned a different numerical constant. Logistic regression analysis was then used to compare the cardiac output between the groups after controlling for birth weight. Statistical significance was taken at the 5% level. The study was approved by the Liverpool area ethics committee.
Results
There were 34 infants in the shocked group (24 were hypotensive, eight were acidotic, and two both) and 41 in the control group. Infants in the shocked group developed periods of hypotension/acidosis at a median postnatal age of nine hours (interquartile range 6-14 hours). Seventy three of the 75 infants were receiving positive pressure ventilation at the time of the scan. Table 1 showed the demographic and clinical data in the two groups. Infants in the shocked group were of significantly lower gestational age (p=0004), but the birth weight was not significantly different between the groups (p=0 07). The birthweight ratio, which was calculated as each patient's birth weight divided by the mean birthweight for their gestational age, was significantly lower in the control group (p=0044).
One and five minute Apgar scores were significantly lower in the shocked group (see blood glucose estimation between the two groups. Table 2 gives the cardiac function data in the two groups. The two groups of infants were scanned at a median of 3 hours of age. The shortening function was significantly lower in the shocked group (p=0001). There was no significant difference in the PEP:ET, peak aortic velocity, mean aortic velocity, cardiac output, or stroke volume between the shocked and control groups.
The figure shows the individual shortening fraction for the two groups of infants. Infants in the control group had a median shortening fraction of 38% (solid line) with a 10th centile of 31%. The shortening fraction of infants in the shocked group formed two distinct populations. Fifty three per cent (18/ had a distribution similar to the control group, with a median of 38% (group 2). The other 47% (16/34) of infants had a shortening fraction less than or equal to 30% (that is, less than the 10th centile for our control infants), with a median of 28%.
Dividing the shortening fraction results into three groups (group 1, the control infants; group 2, shocked infants with a shortening fraction greater than the 10th centile for the controls (shortening fraction greater than 30%); and group 3, shocked infants with a shortening fraction less than the 10th centile for the controls (shortening fraction less than or equal to 30%)), we compared the other cardiac function measurements between the three groups (table 3) .
The indicators of left ventricular output, peak aortic velocity, mean aortic velocity, and stroke volume, were all significantly lower in group 3 infants compared with groups 1 and 2 (p values as shown). After controlling for birth weight using logistic regression (see under methods), the cardiac output was significantly lower in group 3 (p=004). Aortic diameter and heart rate were not significantly different between group 3 and groups 1 and 2 (p=0 95 and p=027 respectively). LVDS was significantly greater in group 3 compared with groups 1 and 2 (p=0 001). There was no significant difference in the LVDD between the groups (p=O 14). The left ventricular pre-ejection time and PEP:ET ratio were significantly greater in group 3 compared with the other two groups (p=0 04 and p=003 respectively).
There was no significant difference in the ejection time between the three groups (p=0 14).
Ductal flow was present in all the infants: 50% were left to right, 45% were bidirectional, and 5% were right to left. In no infant was the flow considered to be haemodynamically significant as it was in diastole only, of low velocity, and there was no left atrial or ventricular enlargement.
Discussion
Hypotension and metabolic acidosis may be caused by hypovolaemia or cardiac dysfunction, or both. Although volume expansion by the administration of colloid is often currently used as a first line treatment in most patients, Barr et al found that preterm infants who were hypotensive had similar circulating plasma and blood volumes compared with normotensive infants.20 They also found no significant improvement in mean blood pressure after infusions of 10 ml/kg albumin. They concluded that hypovolaemia was not the cause of hypotension or metabolic acidosis in the hypotensive infants that they studied.
From a clinical viewpoint, the lower Apgar scores in the shocked group compared with the controls suggested that birth asphyxia may have been responsible for the myocardial dysfunction. This is in accord with the observations of Walther et al who found that asphyxiated term infants who were hypotensive or acidotic, or both, commonly had clinical and Increased afterload, as might occur in aortic stenosis, shortens the pre-ejection time and prolongs the ejection time. Myocardial dysfunction and hypovolaemia lengthen the preejection time and shorten the ejection time, precisely the findings in our group 3 infants. The fact that the LVDD is similar in all the groups makes it likely that the poor contractility represented abnormal myocardial muscle function and not hypovolaemia.
The echocardiographic assessment of cardiac output has been shown to closely correlate with catheter derived values, mainly in older children and adults.1' 12 The estimates of cardiac output, stroke volume, and peak aortic velocity were significantly lower in group 3 infants compared with the other two groups. Hypovolaemia and poor myocardial muscle function will have a similar effect on these measurements but the evidence of poor contractility suggests that poor myocardial muscle function is the prominent cause in group 3 infants. The absence of heart rate differences probably reflects the similar birth weights in the groups.
Echocardiography will only assess cardiac function at the time the scan is performed. All 75 infants were assessed in the first few hours after birth and only divided into the shocked and control groups once they had reached 24 hours of age. Electrolyte abnormalities, particularly hypocalcaemia and hypokalaemia, will affect ventricular performance. Serum calcium and potassium concentrations were not routinely measured in the first few hours after birth as they invariably reflect maternal levels. 24 hours after birth in preterm infants and considerable shunting was unlikely to occur until after this time. In the three groups of infants that we studied, there was no clinical or echocardiographic evidence that the degree of ductal shunting was significant and likely to alter the results.
It is important that we provide the most appropriate treatment for the hypotensive or acidotic very low birthweight infant. The cardiac function measurements used were relatively easy to perform using a standard ultrasound machine. Most ultrasound machines have cardiac analysis modules built in and the skills required to assess cardiac function are easily acquired. It may be beneficial to assess cardiac function in all very low birthweight infants during the first few hours after birth as part of the initial management. Should the infants then require treatment for shock, the echocardiographic findings may well influence the choice of treatment. Our results suggests that myocardial dysfunction does occur in the shocked very low birthweight infant and we speculate that volume expansion may not always be the most appropriate first line treatment for such infants.
